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l. The following thermodynamic data have been tabulated for the gas
phase reaction shown below (dashed lines represent hydrogen bonds) :

-2 ’ //0 RN H-C’?O.uﬂ' H.O\C o | o hydrogen
N\ D \ vl bond
OH  NoHuend
AHrﬂ Sfﬂ
™ HCOCH (g) -362.63 kJ/mol 251.0 J/mol K
4 (HCOOH), (g) -785.34 kJ/mol 347.7 J/mol K

a) To what hypothetical reaction does AH.° of HCOOH (g) refer ?

{specify exactly) A\ aJ\ L"A’ﬂl 7—98‘ K
U Clgrpie ) x| Ol + \ H (4et) — 1 HCOOW (4

b) Calculate AH®°, AS® and AG® for the gas phase dimerization at 298 K.
is the formation of dimer spontaneous under these conditions?

AR T B (4) - L AR = ~ 008 Yok
AS > S708) - TS () = - S, 1Y R _
.. - T |
AE~ A - 98 A = 4008’ = 8 (A5 ) = A R0
DG ngphwe ne owkamess.
¢) Calculate theenth:;?r chaige pir hydrogen bond formed in the gas

phase. Why isn't a similar calculation useful to estimate the entropy
or free energy of hydrogen bond formation? |
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d) We know that for a process to occur spontaneously the entropy of
the universe must increase. Dimerization in the gas is spontaneous,
yet we are decreasing the disorder (entropy) of the HCOOH molecules.

What must be occuring 1f this process is to occur spontaneously under
standard conditions? |

e) Calculate the equilibrium constant for the dimerization reaction at
a temperature of 50°C (state any assumptions made) .

Asome AW AS dop idgundat D= JTK
M (3e1d= ~ 60 - 393, (-0, mws/_ﬂ%)

T oY Hedt
Kf Q—- Dy er - e-f'ﬁ..%s _ Lt_'P

f) From your knowledge of interactions present in water salutions, do
you expect the dimerization of formic acid to be more favorable or
less favorable in water solution than in the gas phase? (explain)

(s {U-VMKO- becasse B- lovds +o wade,
wnl\ Coneie o N loads  edoean, '
e 'GDN--:L acd wolwles

g) Based -on your knowledge of thermodynamics, can you predict whether
the gas phase dimerization will be a rapid process? (explain)
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2. A van der Waals gas obeys the equation of state:
2

P+—2[V-nb|=nRT
v

The thermodynamic behavior of such a gas can be summerized by:
2
- C
dE = C, dT + 22 gv  and ds = —¥ 4T + 2R __ 4v
1w'z T I —nb’

For the isothermal, reve;aibl compression of a. van. der Waals gas from
initial volume V, to f:Lnal voluie V,, evaluate AE, AS, AA, q and w.

(Leave answers in terms of C,, T, volumes and any other constants).
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3. Some bavierla carry out an aercblo {uslng &, from the ailr)

termantation of ethanel te acetle acid: {:lEiL{]
a .
, CHCH,QE + O —> CHyCOOH dr\-'l—._t_: _ AR T 44;,4‘_
A -T0AY 4| 2R K

ay If 1 liter vof a 1% by welight szelutiun of ethancl was fermented by a
grovwlng culture in a perfectly ineclated contalner {w.9, a Lhaomoe
flask) what would be the final temperature when all of the ethancl 1s
gone 1t all of the heat from the rearctlon were llbherated into the
solution? [assume that the mazs of bugs 1la amall compared to the
water, geit any thermodynamle data you nesd trom tables in the teaxt
w.9. p.33 and p S slale mny assuanptlons that yvou must make}

T | ' Rt T+ T3
1 . o - %% o
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b Typlically oné would not §ee all of the bheat £rom such a reaction
liberated into the solution - what must have happened bto L7
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4. Consider a system whieh goes from one phase & ta a secend phase b
at a tranaition temperatuzre T, abt constant preasure, For the
equilibrium Lransition one mnle of this matesial akeorbs a heat of g -

The molar heat capacities fur the @ and [ phanes are Cpu 2nd C, 5 and
thare iz a molar volume change of AV {all independent of temperatuars).

2) .Evaluate w, AE, Al, A3, and AG for the process of econverting one

mele of the systen from Gto P at T,. {leave anawar in terms of the
chaervables and constants glven abowe) .

w-={Pau 2 -PAY AL o o ~PA
A= g A5 Tz ab: A TAS
DGO

) Evaluate A% and AH for the rroocess aof ponverting one mola of the
system from eto B at T* < T,.

g s AR BME (AT b Gt T
e | ™ Do =iy (Cp~G)(T=-T7)
AR MY = A T A (T
ASHOASET? = Gy m‘%\ 5 Gy m[‘;-,]

| T
- 0SEY + (¢ Cfm} L’*Lfr"‘*>
NSfEA) = SR + Bp W (7
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c) The denaturation transition of a globular protein may be modeled as
such a phase change. If q, = 638 kJ/mol at T, of 70°C and

Co.a = Co,g.= 8.37 kd/mol K (T independent), calcluate AH, AS, and AG

for the process of denaturing one mole of this protein (i) at T, and
(1i) at 37°C. How much work is required to denature the protein at

37°C? G;S%MSM v
g T DGO DR BBY 4 AS= FE = \Bb A

Jo-3 = 33K = Tu-TH
' - i<
AR5 = (38 Yn - B3 S, v 3K = 3618

) 3 2
Ay Lse Tt 833 %, - WEE) = 1o ke

D6 - B -310 AS(377) « 487 “TweR  Hake i affechively
IS /\acluw-c‘

- d) If AV = -3 x 103 1/mol, will the transition temperature be

increased or decreased at 1000 atm pressure relative to 1 atm? Write
a thermodynamic cycle which would allow you to calculate the

transition temperature at 1000 atm, indicate on it what. informatian
you would need to carry out the calculation.

AG(PY = De(r e + AV-(P-1) T BV =N\ vt
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